UNCLASSIFIED 


AD  NUMBER 


AD145700 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  Jan  1957. 
Other  requests  shall  be  referred  to  Naval 
Radiological  Defense  Lab.,  San  Francisco, 
CA  94135. 


AUTHORITY 


Naval  Radiological  Defense  Lab  ltr,  14  Apr 
1966 


THIS  PAGE  IS  UNCLASSIFIED 


w' 


r  -  •'  -  >*•>'•  ’  ■  •  •  ,* 


MICRO-CARO 
CONTROL  ONLY 


-J'f* 


jrf'£- 

Ifi  'r‘ 


I  7  « 


m 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPE&STCATRBIS  OR  OTHER  DATA 
WF irn&n  FOR  ANY  PURPOSE  OTHER  THAN  IN  CQtfHSCTIQN  WITH  A  DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U,  S.  GOVERNMENT  THEREBY  INCURS 
NO  ?J£3FONSIBELrrY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAJD  DRAWINGS,  SPECIFICATIONS,  OS  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OS  OTHERWISE!  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  05!  CONVEYING  ANY  EK^TS  OR  PERMISSION  TO  MANUFACTURE , 
USE  OS  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 


REPRODUCTION  QUALITY  NOTICE  I 

. ■'i'"  111  . . —  .  - . .  ■  ■■  ■  - ...  ’ 


This  document  is  the  best  quality  available.  The  copy  furnished 
to  DTIC  contained  pages  that  may  have  the  following  quality 
problems: 

•  Pages  smaller  or  larger  than  normal. 

•  Pages  with  background  color  or  light  colored  printing. 

•  Pages  with  small  type  or  poor  printing;  and  or 

•  Pages  with  continuous  tone  material  or  color 
photographs. 

Due  to  various  output  media  available  these  conditions  may  or 
may  not  cause  poor  legibility  in  the  microfiche  or  hardcopy  output 
you  receive. 


I _ I  If  this  block  is  checked,  the  copy  furnished  to  DTIC 

contained  pages  with  color  printing,  that  when  reproduced  in 
Black  and  White,  may  change  detail  of  the  original  copy. 


PAGES _ _ _ 

ARE 

MISSING 

IN 

ORIGINAL 

DOCUMENT 


hu  mJW  ? 00 

mL  FILE  COPY 


OFFICIAL  USE  ONLY 


Copy  No.  3 


DEVELOPMENT  OF  THE  FLAMINATOR 


Research  and  Development  Technical  Report  USNRDL-TR-151 

NS  086-001 


16  January  1957 


by 


R.H.  Heiskell 
R.C.  Barry 


f 


.  NAVAL  RADIOLOGICAL  DEFENSE  LABORATORY 
San  Francisco  24,  California 


2££L<£I££  £2E  only 


•  .vW 


im 


u.s 


-  ’  ’’  “ 


OFFICIAL  USE  ONLY 


ABSTRACT 


A  laboratory  model  surface  removal  tool  was  constructed 
which  combined  a  flame  treating  burner  with  a  rotary  wire 
brush.  Tests  were  conducted  with  this  unit  (identified  as  a 
Flaminator)  on  various  types  of  both  contaminated  and  uncon* 
taminated  samples  to  establish  specifications  for  the  various 
components. 

A  completely  portable  experimental  field  Flaminator  was 
constructed  to  meet  these  specifications  and  for  evaluation  at 
a  nuclear  weapons  proving  ground. 
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SUMMARY 


The  Problem 

The  purpose  of  the  present  work  is  to  develop  a  machine 
which  combines  flame  treating  and  surface  removal  in  a 
single  unit  for  decontaminating  porous  surfaces. 

Findings 

Various  commercial  units  were  tested  as  possible  compo¬ 
nents  of  such  a  machine.  The  most  satisfactory  units  were 
selected  and  combined  into  a  working  model. 
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ADMINISTRATE /E  INFORMATION 


This  work  was  carried  out  during  the  period  January  to 
November  1951  under  the  sponsorship  of  Bureau  of  Ships, 
Project  No.  NS  086-001,  Subtask  1.4,  Technical  Objective 
AW-5c,  as  described  in  DD  Form  613,  dated  1  May  1952. 

The  Flaminator  was  devised  for  use  in  the  recovery  of 
concrete,  asphaltic  concrete,  and  wooden  surfaces,  contami¬ 
nated  by  fallout  from  a  nuclear  Autonation.  Results  of  subse¬ 
quent  tests’**  indicate  that  the  flame  treating  method  of 
decontamination  is  impractical  for  military  rec'  ’*ery  opera¬ 
tions.  However,  peacetime  application  of  nuclear  fission  may 
present  many  decontamination  problems  which  are  quite 
different  from  those  encountered  in  the  recovery  of  military 
installations.  Flame  treating  may  be  useful  in  some  of  the 
peacetime  recovery  operations.  It  is  in  this  light  that  the 
report  is  now  published. 
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o  ?  F  I  C  I  k  i  D  3  S  0  Nil 
1 .  Int-roductloa 

It  was  observed  that  an  oxy- acetylene  flame,  used  in  metal  cutting 
aboard  the  USS  INDEPENDENCE  after  its  return  frca  Operation  CROSSROADS, 
caused  the  surrounding  a-^aosphere  to  became  contaminated.  Preliminary 
investigations  of  flame  treating  contaminated  wood  samples  indicated  that 
the  radioactivity  was  carried  away  by  volatilized  material  or  the  smoke 
particles.  Plane  treatment  vas  first  used  in  an  actual  decontamination 
operation  on  the  hare  concrete  floor  surfaces  of  Bldg.  223  of  the  Treasure 
Island  Damage  Control  School  following. &  radium  spill  on  Id  January  1950. 
Liquid  cleaning  methods  were  Ineffective  on  these  surfaces  but  burning  or 
dehydrating  reduced  the  radioactivity  by  15  to  50  per  cent  of  the 
original  count  ^ .  The  count  vas  reduced  to  background  when  the  burning 
vas  followed  by  hand  wire  brushing. 

Flame  cleaning  is  essentially  a  surface  removal  method  of  decontamina¬ 
tion  particularly  when  followed  by  wire  brushing  because  such  brushing 
actually  removes  a  layer  of  the  surface.  The  equipment  used  in  flame 
treating  the  floors  of  Bldg.  223  consisted  of  a  4- in.  cay-acetylene  de¬ 
scaling  nozzle,  collection  hood  connected  to  a  vacuum  cleaner  and  a  hand 
wire  brush.  The  degree  of  decontamination  effectiveness  attained  with 
these  separate  pieces  of  equipment  suggested  that  they  should  be  incorpor¬ 
ated  into  a  single  device.  This  device  vas  later  named  a  Flaminator 
(Flam/e  ♦  Decontam/ inator) . 

1.1  Objectives 

The  purpose  of  this  investigation  vas  three-fold:  first,  to  develop 
and  test  an  experimental  Flaminator  for  use  on  samples  approximately  1  so 
ft  in  area;  second,  to  ascertain  the  airborne  hazard  created  by  the 
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ccoilustio*:  of  '~.h ns?  treating  and  brushing  -a  surface ;  .:  ...  tc 

incorporate  tbs  tested  features  of  the  Labon-tcry  Flaaiaator  into  a  . 
txpsrlsentai  aodel  suitable  far  field  scale  operations, 

"?>i  j«1V£‘  ‘:.5f  tbb  ~^bbiret£rv 

Th£  exr^riJy’n'tai'  i^^ratory  Flaadnstor  constate  o;  tvo  .rocrtcn?-  •  u  . 
r  *••  c.v  ?*?er>3!  bead  sjjsfl’  s'  -raclMK.  pi cJsV'-rv  mv.i.  .-V  :-■  - 

!;^>v ■  virus'  brush  studied  iii  s'"  n^'vsss.  bond  <%s  shewn  in  *-  •:  :-•'. 

-*v;-  .it- »>.(„.!.  •:jfb'5  bartt-r  vat  a'b-iu.  aty-aoe ••;-  l«.*z.-r  •:  ••  •  .1  . 

r.ctzle  which  watf  sdiiurfabte'  to  different  heights  above  the  test  surface 
aid  at  a  90°, 1  $5°,  30°  or  15°  position  in  either  the  forward  car  bactomrd 
direction* .  The  brush  uount  was  or 3  finally  designed  to  float  inside'  the 
hood  vith  the  weight  cf'  tbe  driving  actor  resting  entirely  cm  the  brush. 
This  dealer  v»s?  ”  user  saodified  by  securing  the  aotor  to  the  hood  and 

ig  a '  single  caster'  to  a  spring  acust  at  the  rear.  Adjustment  on 
thit,  spring  mount  permitted  variation  in  the  load  on  the  brush.  The 
amount  of 'air  which  entered  the  vactsxs  hood  vas  controlled  by  regulating 
the  clearance  between  the  hood  and  the  test  surface.  The  vact an  hood  vas 
divided  into  two  coapai  taueute ,  one  for  the  burner  and  ace  for  the  brush . 
Initially  a  ?,-l/5~in.  va cutes,  line  Vas  connected  to  each  ccapaartnent  but 
this  v¥i5.  replaced  vith  3-in»  lines  fitted  with  Butterfly  valves  to  reru- 

-h*»  air  flow  to  each,  eedpariaent  (fig.  £). 

.  * 

....  .......  ..  .r:„,,y.  ,r.r-  vns  an  industrial  type  vactrur  cleaner 

■  Ur  br  the  insertion  of  a  filter**  between  the  collection 
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Laboratory  Flaminator  Surface  Removal  Head 


Fig.  2  Laboratory  Flaminator  in  Operation 

tank  and  blower  as  shown  in  Fig.  3*  This  vacuum  cleaner  had  a  capacity 
of  1.50  to  250  cfm  of  frt»  air  and  drevf  5  in.  cf  Hg  in  a  closed  system, 
dust  collector  was  a  canvas  bag  inverted  in  a  cylindrical  tank.  The  vac 
unit  was  connected  to  the  surface  removal  head  with  12  it  of  3-in.  flex; 
hose. 

2.1  Burner  Evaluation 

In  all  decontamination  operations,  the  speed  of  operation  is  a 
prime  consideration.  The  speed  of  operating  the  Flaninator  is  mainly 
dependent  upon  the  efficiency  of  the  burner,  so  a  study  was  made  to  dete 
- i ne  what  type  burner  would  be  most  satisfactory.  3n  the  selection  -f  * 
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most  efficient  fuel  and  burner  for  use  in  the  Plaainatoi*  the  following 

properties  were  considered: 

(a)  Maximum  flame  temperature  and  calorific  valu? 

(b)  High  flame  propagation  rate,  thus  permitting  rapid  fuel 
consumption  and  high  Btu  output 

(c)  High  Telocity  flame  to  give  a  sweeping  action  which  would 
remove  loose  radioactive  particles  from  the  surface. 

Table  1  lists  a  masher  of  commercially  available  fuels  together  with 
their  essential  characteristics.  The  calorific  value  of  all  the 
hydrocarbons  listed  are  very  nearly  the  same,  with  the  exception  of 
hydrogen.  Hydrogen  vaa  not  considered  for  use  in  the  Planinatcr  because 
there  are  no  suitable  commercial  burners  and  it  is  very  hazardous. 
Acetylene  has  the  highest  flame  temperature  of  the  fuels  listed  and  aany 
commercial  burners  are  readily  available.  Another  important  property 
to  he  considered  in  the  design  of  portable  equipment  is  the  weight  of 
storage  tanks  and  space  requirements.  Acetylene  is  dissolved  in  ace¬ 
tone  under  relatively  low  pressures.  The  entire  contents  of  the  storage 
tanks  can  not  be  used  because  of  the  dangrr  of  drawing  off  acetone. 

This  fact  makes  it  necessary  to  manifold  several  acetylene  cylinders  to 
maintain  the  same  high  fuel  consumption  that  could  be  bandied  by  a  single 
cylinder  of  liquid  petroleua  gas,  such  as  propane,  which  is  c digressed  at 
high  pressures.  Thus  despite  the  10  per  cent  lower  flame  teuperauure 
which  the  table  indicates  for  propane,  this  fuel  appears  highly  practical 
for  the  burner  of  a  portable  Plaminator. 

2.1.1  Qualitative  Burner  Tests 

Qualitative  tests  were  made  on  the  various  burners  listed  in  Table 
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2  by  observing  their  effectiveness  in  charring  wood,  softening  asphalt  or 
spalling  concrete,,  The  gas  consucption  or  flow  rates  daring  these  tests 
were  detemined  with  a  "Flora tor",  calibrated  for  acetylene  or  propane  and 
oxygen  or  coop re seed  air.  All  of  the  burners  are  standard  product  ion  units 
with  the  exception  of  Ho.  10.  The  Victor  Squijaaent  Coq&aay  aade  this 
burner  by  and!  float  ion  of  a  standard  axy-acetylene  descaling  nozzle.  2se 
flawe  orifices  were  counterbored  to  a  depth  of  i/l6  in.  to  insure  propa¬ 
gation  of  the  lower  velocity  oxy-propane  flaoe. 

Foot  burners,  80s.  6,  8,  9  and.  10  of  Table  2,  were  chosen  for  the 
subsequent  quantitative  burner  tests.  Burners  80.  6  and  8  were  the  most 
satisfactory  of  the  Bunsen  type  (induced -air)  burners  tested.  The  princi¬ 
pal  advantage  of  this  type  burner  for  the  Flaainator  is  that  it  eliminates 
the  necessity  of  carrying  oxygen  cylinders.  Burasr  No.  6  (an  acetylene 
burner)  produced  a  taedlua  tefspersture,  low-velocity  2-in.  flaoe.  The 
chief  disadvantage  of  this  burner  in  its  low  beat  output.  It  gave  satis¬ 
factory  charring  of  wood  and  softened  asphalt,  but  did  not  produce  concrete 
spalling.  Burner  80.  8  (a  propane  burner)  produced  a  nediua  tespererture, 
low  velocity  round  flsne  with  a  very  long  inner  cone.  The  flaoe  tended  to 
flare  out  on  contact  with  a  surface  sc  that  its  heat  transfer  efficiency 
was  poorer  than  nany  of  the  other  burners.  The  large  heat  output  of  this 
burner  gave  good  charring  of  wood  and  softening  cf  asphalt,  but  was  in¬ 
sufficient  to  spall  concrete.  The  oxy -acetylene  burner  No.  9  was  chosen 
because  of  its  high  temperature-,  high  velocity’  flaae  and  efficient  opera¬ 
tion.  It  was  similar  to  Burners  No.  h  and  Nc.  in  operation,  but  it  was 
cheaper  and  tore  readily  available .  An  obvious  advantage  of  the  c-xy- propane 
burner.  Nc.  10,  %ras  its  ease  in  lighting  and  apparent  vuae  inf  1  street  ill  r 
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range.  Qualitatively,  the  cxy -acetylene  and  oxy- prepare  burners  appeared 
equally  efficient  in  flame  treating  vood,  asphalt,  and  concrete. 

2.1.2  Quantitative  Burner  Testa 

Three  quantitative  tests  vepe  conducted  on  the  selected  burners. 

(a)  Determination  of  maximal  temperature  produced  vhen  enclosed 
in  the  moving  nominator. 

(b)  Determine  the  optlvm  gas  rates  of  the  oxy-propane  burner  by 
noting  the  time  required  to  heat  a  steel  block  through  & 
specified  temperature  range. 

(c)  Determine  the  relative  effectiveness  of  the  burners  under 
various  conditions  by  comparison  of  degree  of  wood  charring. 

(a)  Temgerature  Testa 

The  Plaainator,  fitted  with  various  burners  adjusted  at 
various  angles  and  heights,  was  run  back  and  forth  across  a  wood  surface 
k  ft  by  8  ft  until  the  tesqwratures  in  the  hood  and  vacuum;  system  reached 
a  maximum.  1T>e  brush  was  not.  used  in  these  temperature  tests,  e*  temper¬ 
atures  were  recorded  every  30  sec  until  they  reached  a  n^— 
leveled  off  or  the  burner  blew  out.  The  results  of  she  temperature  tests 
are  listed  in  Table  3»  These  tests  indicated  that  the  cay-acetylene  baruar 
was  unsatisfactory  when  enclosed  by  the  hood  because  of  the  ever  present 
danger  of  flash  back.  Although  it  is  unlikely  that  the  flame  would  blow 
back  beyond  the  oxygen  and  acetylene  sixer,  the  blow  bw^VR  prevent  con¬ 
sistent  and  reliable  operation  of  the  Flaninator. 

Blew  backs  were  apparently  caused  by  the  burner  head  and  its  pipe 
connections  becoming  hot  enough  to  ignite  the  acetylene  before  it  reached 
the  burner  tips.  Thermocouple  Sc.  1  vas  located  in  a  hole  bored  in  the 
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burner  bead  and  provided  sa  Indication  of  the  temperature  bet  it  vas 

not  properly  located  to  give  the  wort  mat  tenperature  of  the  burner  bead. 

The  burner  bead  vat  beeted  aore  rapidly  vben  it  vas  close  to  the-  fleer.  At 
a  height  or  3/16  to  3/6  above  the  floor,  blow  beck  occurred  after  only 

1  to  3  Bin  (itaas  TT-8,  Tf-9  and  W-lOj  Table  3),  and  thermocouple  So.  1 
reached  a  temperature  of  600  to  650°?.  When  the  burner  ves  raised  to  a. 
height  of  9/l£"  no  blew  bad  occurred  and  7  ain  were  required  fer  the 
burner  bead  to  reach  its  Marla—  tenperatcre  of  390°?  (Bun  TT-H).  The 
burner  head  reached  a  temperature  of  '705  and  785  ?  respectively  without 
blew  bads  occurring  in  TT-15  and  TT-16.  In  these  two  tests  the  high  gas 
rates  gave  a  very  long  f lane  that  was  dream  back  into  the  brush  ccnpert- 
aest  and  did  not  "leak*  back  and  heat  the  gas  line  as  happened  vith  a  short 
flaae.  In  the  case  of  the  short  flare  the  burner  radiator  (coollrg  section 
joining  the  burner  head  to  the  line)  and  gas  lines  vere  heated  tc  a  high 
temperature  by  direct  contact  vith  the  flame.  The  cacy-ecetylene  burner 
was  less  susceptahle  to  blew  backs  vhen  mounted  in  the  *5C’  position.  -'Fig. 
h) .  Under  such  condition  the  flame  -was  pulled  along  the  surface  by  the 
combined  action  of  the  aerring  Flaninator  and  the  vactsan. 

The  oxy -propane  burner  was  far  superior  to  the  oxy -acetylene  burner 
because  there  vas  ac  danger  of  blew  harVc  and  the  difference  in  their 
flare  temperatures  as  presented  in  Table  1  is  believed  to  be  insignificant  - 
The  burner  bead  temperatures  in  Run  TT-F2  and  77-23  vere  1015  sac 
respective!;*'  without  blow  backs  occurring.  Ko  other  major  problem 
evolved  as  a  consequence  of  enclosing  the  oxy -propone  burner  inside  the 
vacuus  head. 

The  vere  brush  vas  socr.  i, -usages  by  direct  contact  vith  t 
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Fig.  4  Underneath  view  of  Fianinator  with  burner  mounted 
at  hp0  angle  (shows  vacuun  drawing  flame  into 
Burner  Compartment,  but  away  from  3rush) . 

but  this  could  be  remedied  by  increasing  the  distance  between  the  burner 
and  brush.  The  maximum  temperature  of  ^55°  ?  maintained  at  the  vacuum 
hocd  outlet  (Thermocouple  No.  3)  indicated  that  a  ratal  flexible  hose  was 
needed  in  place  of  the  rubber  one.  Also  the  temperature  of  the  gases 
entering  the  filter  (Thermocouple  No.  5}  exceeded  the  values  recommended 
for  this  type  of  filter. 

(b}  Optimum  Ratio  cf  Oxygen  to  Propane 

In  the  determination  of  the  optimum  gas  rates  for  the 
oxy-prcpane  burner.  It  was  moimted  in  a  fixed  position  above  a  steel 
block  (l/2  in.  by  2  in.  by  5  in.)  into  which  was  embedded  a  chrome! - 

14 


OF? 


*'/■'  v 
X  U  a 


A  L  USE  ON^Y 


OFPICIlt  2  £  5  0  S  j,  J 


alunel  tbernocouple.  Hie  prcpane  rate  was  to  a  given  value 

and  the  oxygen  rate  vaa  varied  over  a  vide  range.  The  tine  to  beat  tbe 
"block  fro*  520  to  1595°  F  va*  noted  for  eact  oxygen  rate.  Tbe  propane 
rate  vaa  changed  and  the  process  repeated  until  the  prepane  rate  bed  been 
varied  within  mrtaa  and  airrin  Halts.  Tbe  results  of  these  tests  are 
presented  In  Table  k  and  Fig.  5. 


TABLE  1  CUygen/Propaae  Ratios 


anc^/raawwB 

RATIO 

FLOW  RASE 
(cfh) 

Tiae  to  beat  staple  frea  520  to  1595°F 
(sec) 

3-10 

0.1*82 

8b. 

3.70 

O.WB 

62.5 

3.90 

0.1*82 

63. 

3.60 

O.386 

73. 

1.1 2 

O.386 

69. 

l.lO 

O.386 

71.5 

1.70 

O.386 

81. 

3.10 

0.322 

10b. 

3-70 

0.322 

81. 

Is.hO 

0.322 

71.5 

h--65 

0.322 

79.5 

3.10 

0.258 

122. 

3.90 

0.258 

90.5 

1.30 

0.258 

88. 

1.70 

0.258 

51.5 

5.00 

0.258 

82.5 

5.10 

0.258 

?8. 

3.10 

0.193 

160. 

1.10 

0.193 

118. 

1.70 

0.193 

ill. 

5.20 

0.193 

123. 

The  Tiinirar.  tine  required  to  beat  the  steel  bloc!  through  tbe  given 
tenperature  range  is  a  raeanure  of  the  efficiency  of  the  f lane .  The 
oxygen-to -propane  ratio  required  for  this  nlr.iazt  heating  tine  is  the 
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Fig,  5  Qxy- propane  Ratio  rs  Tia»  to  Heat 

SattpLe  from  520  to  1595°F.  Burner*  4-in. 
ribboa  Clam  dencmling  unit. 
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oprtiatn  ga®  rate  for  the  cxy-prcpane  burner. 

(c)  Boraer  Sffectlreoess  Uoder  Various  Conditions 

Wood  charring  standards  were  prepared  vitt  the  Flasinator 
equipped  vlth  the  cay -acetylene  ‘burner  aounted  at  a  h.y'  angle,  l/l6  in. 
abore  the  surface  of  the  sample  md  consutsirg  oxygen  at  a  rate  of  O.65  eft;. 
The  Flsminator  was  run  across  four  wood  saaples  at  each  of  -he  following 
approximate  speeds:  0.60  ,  0.30,  0.15,  and  0.08  ft/sec.  The  degree  of 
charring  00  each  of  the  samples  -ms  arbitrarily  designated  as  charring 
Indices  1,  2,  3  and  fc.  These  charring  indices  are  shown  in  Fig.  6. 
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CHARRING  INDICES 


Fig.  6  Scod  Charring  Indices 
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Wood  charring  tests  vere  made  vith  the  oxy-acetylene,  oxy-propane , 
acetylene-induced  air,  and  propane- induced  air  burners  adjusted  to 
different  heights,  and  at  different  angles  and  using  different  gas  rates. 
The  degree  of  charring  on  the  sample  was  compared  to  the  four  standards , 
visually, by  three  investigators.  A  degree  of  charring  that  fell  between 
two  standards  was  estimated  to  the  nearest  1/10  po^nt.  The  degree  of 
charring  is  a  measure  of  the  effectiveness  of  flame  treating  wood  sur¬ 
faces  and  depends  upon  such  factors  as  the  speed  of  operating  the  Tl&axm- 
tor,  heat  output  of  the  burner,  position  of  the  burner  relative  to  the 
surface  being  treated  and  the  vacuum  being  applied  to  the  collecting  hood. 
The  results  of  the  charring  test6  are  arranged  in  Tables  5,  6,  7,  and  8  for 
quick  comparison  of  the  effects  of  the  variables. 

The  speed  of  operating  the  Flaminator  and  the  heat  output  of  the 
burner  affected  the  degree  of  charring  more  than  any  of  the  other  variables 
considered.  It  is  desirable  to  operate  the  Flaminator  at  the  highest 
possible  rate  that  gives  the  most  effective  charring;  however,  the  oper¬ 
ating  speed  is  limited  by  the  maximum  useable  heat  output  of  the  burner. 
Table  5  shows  that  the  height  of  the  burner  above  the  surface  does  not 
affect  the  charring  as  much  when  the  burner  is  in  the  90°  position  as 
when  it  is  in  the  1*5°  position.  At  the  higher  gas  rates, where  the  heat 
output  is  greater, the  height  of  the  burner  above  the  surface  did  not 
influence  the  charring  as  much  as  it  did  with  the  lower  gf.s  rates.  The 
heat  output  of  the  burner  must  be  held  within  definite  limits  to  avoid 
excessive  heating  of  the  Flaminator  parts,  the  vacuum  system  and  filter. 
Table  6  indicates  that  the  degree  of  cha-ring  is  directly  proport iona?  to 
the  ETC  output  of  the  burner.  Table  7  shows  that  the  degree  of  charring 
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TABLE  5 

Effect  of  Burner  Height  on  Wood  Charring 

Saaple 

Burner 

Height 

(in) 

Burner 

Burner 

Angle 

Flaainator 

Speed 

(ft/eec) 

Theoretical 
Beating  Bate 
(Btu/hr) 

Charring 

Index 

Std 

A 

l/l6 

Oxy-Acetylene 

kf 

0.08 

54,500 

4.0 

CT 

12 

3/16 

3.6 

CT 

44 

l/l6 

Qxy-Propane 

45° 

0.08 

68,400 

4.0 

67 

1/8 

4.0 

56 

3/16 

3-7 

CT 

52 

l/l6 

Qxy-Propane 

*5° 

0.08 

24,300 

2.8 

53 

3/16 

0.0 

3t4 

B 

1/16 

Oxy-Acetylene 

*5° 

0.15 

54,500 

3.0 

CT 

11 

3/16 

2.5 

CT 

19 

l/l6 

Oxy-Acetylene 

90° 

0.15 

54,500 

3.0 

14 

1/8 

3.0 

20 

3/16 

3*0 

CT 

33 

l/l6 

Qxy-Propane 

90° 

0.15 

69,900 

3.5 

36 

3/16 

3.6 

CT 

3 

l/l6 

Otxy -Acetylene 

0.15 

70,400 

3.8 

6 

3/16 

3.5 

Std 

r« 

l/l 6 

Oxy-Acetylene 

kj° 

0.30 

54,500 

-2.0 

CT 

10 

3/16 

1-3 

CT 

18 

l/l 6 

Oxy-Acetylene 

90? 

0.30 

54,500 

2.4 

15 

V8 

2.2 

21 

3/16 

2.0 

CT 

29 

l/l6 

Qxy-Propene 

90° 

0.30 

53,200 

2.2 

40 

3/16 

51,700 

2.0 

LT 

43 

l/l6 

Oxy-Propane 

k$° 

0.30 

68,400 

2.0 

65 

1/8 

2.2 

57 

3/16 

1*5 

CT 

48 

3716 

Qxy -Propane 

O.30 

51,700 

1.7 

69 

1/8 

1.4 

CT 

62 

1/8 

Oxy-Prarane 

45° 

O.30 

97,200 

3*0 

58 

3/16 

2.5 

Std 

D 

1/16 

Oxy-Acetylene 

45° 

0.60 

54,500 

1.0 

CT 

9 

3/16 

1*3 

CT 

1 

1/16 

Oxy-Acetylene 

45° 

0.60 

70,400 

1.7 

8 

3/16 

1.5 

CT 

17 

l/l6 

Oxy-Acetylene 

90° 

0.60 

54,500 

1.5 

x6 

1/8 

1-3 

22 

3/16 

1.2 

C  A 

30 

1/16 

Oxy-Propane 

90° 

0.60 

53,200 

1.1 

39 

3/16 

51,700 

-  •  J 
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TABLE  6 

D  S  2  0  X  L  Y 

Effect  of  Heating  Rate  and  Flasinator 

Speed  on  TSood 

Charring 

Sample 

Theoretical 
Heating  Rate 
(Btu/Hr) 

Burner 

Burner 

Height 

(in) 

Burner 

Angle 

Flaaainator 

Speed 

(ft/sec) 

Charring 

Index 

CT 

26 

24,300 

Oxy-Propane 

l/l6 

90° 

0.08 

3-3 

27 

53,200 

4.0 

34 

69,900 

4  - 

CT 

52 

24,300 

Oxy-Propane 

1/16 

45° 

0.08 

2.8 

50 

51,700 

3.8 

44 

68,400 

4.0 

CT 

53 

24,300 

Oxy-Propane 

3/16 

45° 

0.08 

0.0 

54 

51,700 

Partial  Burn 

56 

68,400 

3-7 

Std 

B 

54,500 

Oxy -Acetylene 

l/l6 

45° 

0.15 

3-C 

CT 

3 

70,400 

3.8 

CT 

25 

24,300 

Oxy-Propane 

1/16 

90° 

0.15 

'  2.0 

28 

53,200 

3-5 

33 

69,900 

3-5 

CT 

66 

68,400 

Oxy-Propane 

1/8 

45° 

0.15 

3-5 

61 

97,200 

4  4- 

CT 

24 

23,300 

Oxy-Propane 

1/16 

9C P 

0.30 

1-3 

29 

53,200 

2.2 

32 

69,900 

2.0 

CT 

40 

51,700 

Oxy-Propane 

3/16 

90° 

0.30 

2.0 

37 

69,90c 

2.8 

CT 

51 

24,300 

Oxy-Propane 

1/16 

45° 

0.30 

0.7 

k8 

51,700 

1.7 

k3 

68,400 

2.0 

CT 

57 

68,400 

Oxy-Propane 

3/16 

45° 

C.30 

1-5 

58 

97,200 

2.- 

CT 

69 

51,703 

Oxy-Propane 

1/8 

45° 

0.3c 

1.4 

65 

68,400 

2.2 

62 

97,2C 0 

CT 

69 

51,700 

Oxy-Propane 

1/8 

4pc 

C.3C 

1.4 

65 

68,400 

2.2 

Std 

D 

5S5O0 

Oxy- Acetylene 

1/16 

45° 

0.6c 

l.C 

Ct 

1 

•>0,400 

J.  a  [ 

CT 

9 

>4,500 

Oxy-Acetyiene 

3/16 

45° 

0.60 

1.3 

8 

70,40C 

1.5 

CT 

23 

23,30c 

Oxy-Propane 

1/16 

90° 

0.60 

0.3 

30 

53,2CO 

1.1 

* 

69,900 

1.4 

CT 

39 

51,700 

Oxy-Propane 

3/16 

90° 

0.60 

1.3 

36 

69,?00 

1.3 

CT 

urj 

31.700 

Oxy-Propane 

1/16 

45° 

0.60 

C.8 

-16 

60,400 

1*5 

'v*  i 

6U 

68,  400 

Oxy-Propane 

1  ■’£ 

— ,  w 

45° 

C.6C 

'  ^ 

A  7 

-  Q 

0  P  F  I 
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»H2  7  Effect  of  Bamer  Angle  on  Jood  Qbarrirg 


Saaple 

Barrier 

Angle 

Barrier 

Height 

(In) 

Tlaadnator 

Speed 

(ft/eec) 

Theoretical 
Besting  Bate 
(3tu/Er) 

Cterring 

Index 

CT  26 

90° 

Ctty-Propene 

1/16 

0.08 

2**300 

3.3 

52 

*5° 

2**300 

2.8 

CT  27 

90f 

Qxy-Propane 

1/16 

0.08 

53*200 

A.O 

50 

*5° 

51*703 

3.8 

CT  3* 

90° 

Oxy-Propane 

1/16 

0.08 

69,900 

*  +■ 

kk 

15° 

68,100 

*.0 

Std  B 

*5° 

Oxy-Acetyleae 

1/16 

0.15 

5**500 

3.0 

CT  19 

90° 

5**500 

3-0 

CT  28 

90° 

Qxy-Propane 

1/16 

0.15 

53*200 

lim~s 

*9 

I50 

51,700 

■  3.0 

CT  33 

90° 

Cxy-Prprane 

1/1 6 

0.15 

69,900 

3*5 

*5 

150 

65,^00 

3*2 

Std  c 

’-5° 

Cxy-Acetylene 

1/16 

0.30 

5**500 

2.0 

CT  18 

90° 

5**500 

2.i 

CT  10 

45° 

Qxy-Ace  ty ierae 

3/16 

0.30 

5**500 

1*3 

21 

9c0 

5**500 

2.0 

CT  29 

9C° 

Gxy-Acetylene 

1/16 

0.30 

53*200 

2.2 

*9 

15c 

51*700 

■» 

-• « 

Cl  31 

Gxy-Acetylene 

1/16 

0.30 

69*900 

2.0 

*3 

15= 

68,  *00 

2.0 

98 

15° 

68, *00 

3.5 

CT  21 

50° 

Oxy-Propane 

1/16 

0.30 

2**300 

1.3 

51 

*5° 

2*, 300 

0.7 

CT  37 

9?-' 

Qxy-Propcne 

3/16 

0.30 

69,900 

2.8 

58, *00 

1*5 

Std  D 

*SJ 

jtxy-i  Acetylene 

1/16 

0.60 

5**500 

1.0 

^  -T 

4. 

90° 

5**500 

1*5 

cr  ? 

^5° 

Qxy-Ace tylene 

3/16 

0.60 

5**500 

1*3 

£2 

90° 

5**500 

-  *■»» 

CT  P 

9 0° 

Ctry -Prepane 

1/16 

0.60 

53*200 

17 

ijjc 

51,700 

C.8 

CT  31 

90 

Oxy-Propane 

1/16 

0.60 

69,900 

2.* 

U6 

15° 

66,100 

1*5 

21 
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TABIZ  8  Effect  of  TleadLnator  8peed  on  Wood  'Charring 


8 sap  3  e 

Flaainator 

Speed 

(ft/sec) 

Burner 

Burner 

Height 

(In) 

Burner 

Angle 

Theoretical 
Beating  Bate 
(Btu/HrX 

Charring 

TrdUrr 

Std  A 

0.08 

Qxy-Acetylene 

l/l6 

45° 

54,500 

4.0 

B 

0.15 

3.0 

C 

0.30 

2.0 

D 

0.60 

1.0 

CT  4 

0.08 

Oxy-Acetylene 

1/16 

45° 

70,4CO 

4  + 

3 

0.15 

3-8 

2 

0.30 

2.6 

1 

0.60 

1.7 

CT  5 

0.08 

Oxy-Acetylene 

3/16 

450 

70,400 

4  + 

6 

0.15 

3-5 

7 

0.30 

2-5 

8 

0.60 

1*5 

CT  12 

0.08 

Oxy-Acetylene 

3/16 

45° 

54,500 

3.6 

11 

0.15 

2.5 

10 

0  0-30 

1*3 

9 

0.60 

1*3 

CT  13 

0.08 

Qxy-Acetylene 

1/8 

90° 

54,500 

4.0 

1* 

0.15 

3.0 

15 

0.30 

2.2 

16 

0.60 

1*3 

CT  27 

0.08 

Oxy -Propane 

1/16 

90° 

53,200 

4.0 

28 

0.15 

3*5 

29 

0.30 

2.2 

30 

0.60 

1.1 

CT  50 

0.08 

Oxy-Propsne 

1/16 

*5° 

51,700 

3*8 

U9 

0.15 

3*3 

48 

O.30 

1.7 

47 

0.60 

C.8 

CT  90 

0.08 

Oxy-Propane 

3/32 

*5° 

53,200 

4  + 

91 

0.15 

3*9 

92 

O.30 

2.7 

93 

0.60  ' 

1.8 
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was  slightly  less  with  the  'burner  mounted  at  the  45°  position  than  at  the 
90°  poe  it  ion.  This  slight  advantage  in  charring  effectiveness  is  out¬ 
weighed  by  the  excessive  heating  of  the  burner  and  gas  lines  when  the 
burner  is  vertically  mounted. 

The  coy-propane  burner  gave  charring  indices  slightly  less  than 
those  obtained  with  the  cay-acetylene  burner,  but  the  advantages  pre¬ 
viously  listed  far  propane  outweigh  this  slight  difference.  Compare 
Stds.  A,  B,  C  and  D  with  CT-Vf,  48,  kg  and  50  in  Table  8. 

2.2  Surface  Hsasoval  Tool  Teats 

A  rotary  vire  brush  ves  choeen  as  the  surface  removal  tool  for  the 
laboratory  Flmmimtor.  Tests  were  made  on  vlth-grain  and  cross-grain 
wood  samples  to  determine  the  effect  of  the  following  variables: 

Brush  Cons  tract  ion  Type  -  Root  ar  solid  fill  wire  brush 

Wire  Dimeters  -  0.005,  0.0118,  0.014 
and  0.016  In. 

Brush  Speed  Rotational  -  1400  to  1900  rpm 

Linear  0.08,  0.15,  and  0.30  ft/sec 

Brush  Loading  5  to  55  lb. 

Wood  samples  were  made  up  of  clear  selected  Douglas  Fir  and 
finished  to  a  size  1-5/8  in.  by  3-5/8  in.  by  12  in.  Half  oi  the  samples 
were  cut  with  the  grain  running  lengthwise  (vlth-grain  samples)  and 
half  were  cut  or  assembled  free*  glur*.  sections  with  the  grain  nmni ng 
crosswise  (cross-grain  samples).  The  samples  were  placed  in  a  floor 
well  and  the  Flaninator  towed  across  thee  at  the  desired  linear  speed. 

The  towing  device  (Fig.  7)  consisted  of  a  constant  speed  shaft  around 
which  the  towing  cable  was  wound.  The  speed  of  this  shaft  was  regulated 
by  a  variable  speed  torque  converter  attached  to  an  electric  no  tor. 

23 
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Fig-  7  Towing  Deri.ce  for  Laboratory  Flaairator 

The  brush  loading  was  determined  on.  an  especially  rigged  plat¬ 
form  scale.  Supporting  plates  vere  secured  to  the  sides  of  a  at*  xlard 
platform  scale  so  that  the  wheels  of  the  Flaainator  were  in  the  sans 
plane  as  the  platform  with  only  the  brush  touching  it.  7a tying  the 
tension  on  the  rear  wheel  mounting  spring  changed  the  brush  loading 
which  could  be  measured  on  the  scale. 

Before  and  after  each  surface  removal  test  thickness  cf  the. 
scrip les  were  measured  vdrh  a  surface  plate  and  a  dial  indr  cater 
attached, to  a  surface  gage.  Each  sample  vns  moved  acre  is  cue  surface 
plate  with  the  dial  indicator  point  resting  on  the  sample  airfare  .1*1;  3* . 

24 
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Fig.  3  Measuring  Surface  Besramai 

A  TvrriTxm  and  tin icon  reading  was  recorded  end  also  an  average  was 
taken  as  the  saaple  was  aerre-d  under  the  dial  indicator. 

The  results  of  the  vith -grain  tests  are  presented  in  Table  ? 
and  those  for  cross-grain  tests  in  Table  10.  Tie  linear  speed  of  the 
Fianinator  affected  the  amount  of  surface  reocnral  nor?  than  any  of 
the  other  variables  considered.  Data  in  Tables  ?  and  1C  show  -bat 
?f>  to  7  5  per  cent  aore  surface  was  rer. oved  vhen  tbe  tresr  speed  vas 
reduced  by  a  factor  of  2. 

The  effect  of  vlre  diameter  is  very  slight  in  couparcscn  with 
the  other  factors.  Tae  0. 005-in.  diameter  vi i e  vas  -he  least  effective 
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TABLE  9  With  Grain  Brush  Tests 
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TABLE  10  Cross-gralD  Brush  T»«t» 
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of  all  the  brushes  tested.  Although  surface  removal  ceasurements 
obtained  with  this  brush  were  about  the  saj.e  a;  with  other  wire 
diameters,  the  actual  amount  of  material  rera owed  by  the  0.0C5-in. 
diameter  wire  brush  was  such  less  because  this  brush  did  not  dig  into 
the  soft  portions  of  the  wood  or  coot  the  surface. 

Little  difference  was  noted  in  the  results  obtained  with  the 
knot-type  brush  and  those  vith  the  solid-fill  brush.  Insufficient 
tests  were  made  to  draw  any  definite  conclusions  on  the  efficiency 
of  the  two  brushes  hut  the  solid-wire  brush  did  not  cut  deep  grooves 
and  left  the  surface  much  smoother. 

Insufficient  tests  were  run  to  conclude  definitely  that  higher 
rotational  speed  of  the  brush  increases  the  amount  of  surface  removal; 
however,  comparison  between  BT-83  and  BT-85  and  also  between  BT-82 
and  BT-84  shows  -hat  a  brush  rotational  speed  of  1900  rpa  gave  6c  to 
75  per  cent  more  removal  them  a  speed  of  1600  rpm. 

The  effect  of  brush  loading  on  surface  removal  varies  with  the 
linear  speed  of  the  Flaminator.  With-grain  samples  BT-37  and  BT-^3 
show  a  4.5  per  cent  increase  in  surface  removal  by  increasing  the  brush 
loading  from  5  to  10  lb  when  the  linear  speed  of  the  Flaninator  was 
0.08  ft/sec.  On  cross -grain  samples  3T-38  and  BT-UL  the  increase  was 
52  per  cent  for  brush  loading  from  5  to  10  lb.  When  the  Flaminator 
was  operated  at  0.30  ft/sec  increasing  the  brush  loading  from  5  to  35 
lb  increased  the  amount  of  surface  removed  very  slightly. 

Fr or*  Tables  ?  and  10  it  will  be  observed  that  50  to  70  per  cent 

more  surface  was  removed  in  cross-grain  travel  than  in  with -grain 
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2 . 3  Fljcrtnator  *Tnlt  Tests 

Vood  staples  si  nil  nr  to  those  used  in  the  previous  tests  vere  given 
a  combined  flaae  and  vire  brush  treatment  vlth  the  PLacicator  fitted  with 
the  axy -propane  burner  and  various  type  brushes.  Operating  conditions 
were  chosen  to  produce  a  Bo.  3  char.  The  charring  tests  indicated  that 
this  degree  of  charring  dehydrated  the  vood  to  a  reasonable  depth  and 
that  additional  charring  required  aa  enormous  increase  in  the  beat  out¬ 
put  of  the  burner  to  overcaae  the  insulating  effect  of  the  charred  top 
layer.  The  burner  vas  set  at  a  ^5°  angle,  i/6  _a.  frees  the  surface  and 
the  Plaari.na.tor  was  towed  across  the  saaples  at  a  speed  of  G.30  ft/sec. 

A  propane  consumption  of  0.6k  cfn/nln  -.-as  required  to  produce  the  Bo.  3 
char. 


The  results  of  the  unit  teats  are  given  in  Table  11.  Flame 
treating  increased  the  effectiveness  of  the  surface  reaaoval  unit  by  a 
factv'r  of  2  to  7  in  the  tests  conducted.  Surface  removal  with  the  0.005- 
in.  dimeter  vire  brush  vas  increased  by  a  factor  of  2  to  3  on  vith- 
grain  saaples  ( compare  ***«t  runs  OT-15  and  UT-17,  Table  11  vlth  3T-92 , 
Table  9).  In  cross-grain  travel  this  sane  brush  removed  no re  material 
by  a  factor  of  2  to  4  vhen  preceded  by  the  flame .  'Coopare  lest  runs 
OT-I6  and  OT-17  vlth  HT-93)*  Flame  treating  uncreased  the  effectiveness 
of  the  0.  OHS- in.  flare  ter  vire  brush  by  a  factor  of  5  in  the  vith-grain 
tests  and  by  a  factor  of  2  in  the  crass -grain  tests.  (Cccpare  37-100 
vlth  07-21  and  3T-101  with  UT-22)  .  The  effectiveness  of  the  0 . 0l6-in. 
df  master  vire  brush  vas  increased  by  s  factor  of  6  in  the  vlth -grain 
Fioni actor  test  and  by  a  factor  of  2  in  the  cross-grain  tests. 


Insufficient  tints  vere  ootamez.  to  nrav  ar 
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F  lamina  tor  Unit  Teats  Using  an  Oxy-Propane  Burner  l/8  in.  from  the  Surface 
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effect  of  brush  rotational  speed  on  flaae  treated  surfaces ;  bearer 
this  factor  see—  insignificant  is  ecaparisoo  vith  such  factors  as 
linear  speed  and  direction  of  travel  relation  to  the  wood  grain.  Vith- 
grain  saaples  UT-4  and  OT-6  showed  an  average  r— oval  of  0.025  and  0.012 
la.  respectively  vtosn  operating  at  0.12  ft/aec  aa  ccrpaxed  to  0.009  and 
0.010  In.  oo  a— pise  UT-9  sad  01-11  when  operating  at  0.30  ft/sec. 

Cro— -grain  sanplas  Of- 5  and  US-7  showed  a  renewal  of  0.021  and  0.020 
In.  respectively  when  the  Fl—lnator  operated  at  0.12  ft/sec  as  coopered 
to  0.011  aol  0.012  in.  an  samples  Uf-8  and  UT-10  vhen  the  speed  was 
0.30  ft/aec. 

2.k  Recapitulation  of  Essential  features  of  the  yiMiinator 

The  foregoing  tests  Indicated  that  the  FlascLnator  can  be  developed 
Into  a  practical  flaae  treating  unit  for  field  scale  operations.  The 
vacuus  on  the  collecting  hood  should  be  applied  at  the  rear  of  the  burner 
cooper  tsent  and  close  to  the  surface  being  treated,  thus  drawing  the 
fine  along  the  surface.  The  brush  should  be  separated  fron  the  burner 
by  a  distance  sufficient  to  avoid  damaging  the  brush. 

The  axy-propane  burner  was  the  best  of  the  high  teasperature  burner® 
tested  and  vas  zaost  effective  vhen  noun  ted  l/8  ix .  above  the  surface  at  a 
^5°  angle  in  a  direction  opposite  that  of  the  truvel  of  tbs  Plsosimtor. 

The  linear  speed  of  the  /Itaainator  should  be  between  0.15  and  0.30  ft/aec 
and  the  burner  adjusted  to  give  charring  equivalent  to  tbs  So.  3  charring 
index. 

Wire  brushes  node  of  vire  having  0.010-  to  C »0l6-iu.  dJLaxeters 
vrera  asst  effective  in  rasoviag  vood  surfaces.  Wires  of  saalier  disasters 
were  ineffective  and  larger  ones  cut  the  surfaces  badly.  Ths  rotational 
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speed  of  the  brushes  should  be  about  1500  rpm. 

Flame  treatment  increased  the  effectiveness  of  surface  resme.1  vith 
a  wire  brush  by  a  factor  of  2  to  7.  In  all  instances  the  greater  surface 
removal  occurred  when  the  unit  was  operated,  cross-grain. 


3.  Airborne  Hazard  in  Flaae  .Treating  Radioactive  ly  Contaminated  Surfaces 
Before  proceeding  with  the  construction  of  a  field  scale  Flaaimtor 
it  vaa  necessary  to  consider  the  possibility  of  an  airborne  hazard  being 
created  by  flame  treating  radioactively  contaminated  surfaces.  Tests  '."ere 
conducted  to  determine  the  amount  of  radioactive  material  volatilized  by 
passing  a  high  temperature,  high  velocity  flame  over  contaminated  sa—ples. 
In  the  investigation  the  burner  was  passed  ever  twenty  contaminated 
samples  and  the  smoke  particles  and  volatilized  materials  were  col¬ 
lected  on  filter  papers. 

3-1  Contamination  of  Samples 

Four  methods  were  employed  in  the  contamination  of  the  test  samples 

with  a  aea  water  contaminant  containing  mixed  fission  products. 

Method  A  -  The  samples  were  held  vertically  in  a  spray  booth  and 

£ 

sprayed  for  2  sec  with  contaminated  sea  water  .  The  samples  were  force 


dried  in  a  vertical  position  in  the  spray  booth  dryer. 

Method  B  -  The  samples  were  contaminated  vith  1.1  ndllicuries  of 
solution  by  pipetting  about  100  drops  ever  their  surfaces.  The  isotopic 
mixture  and  proportions  were  the  same  as  Method  A.  The  s armies  were  in  a 
horizontal  position  when  contaminated  and  remained  so  while  they  dried  in 
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Method  C  -  The  angles  vers  held  In  a  horizontal  plane  in  the 
spray  booth  and  sprayed  free  above.  The  spraying  ties  was  k  sec/ 
saa^le.  The  coctaart atari  vu  a  mixture  of  in  see  water,  which 

resulted  in  a  solution  activity  of  0.6  mlerocuries/al.  ate  socles 
were  dried  for  l/2  hr  while  in  the  borixoatal  position  in  the  spray 
booth  dryer. 

Method  D  -  The  samples  vere  coptmminmted  by  dipping  them  face 
down  in  a  shallow  tray  of  contaminated  solution.  This  solution  vem  the 
saas  as  used  in  Method  C.  The  samples  mere  placed  in  l/S  to  l/h  In.  of 
this  solution  and  allowed  to  soak  for  a  30-sec  period,  face  down,  nils 
soaking  was  followed  by  a  30-sec  drain  period,  face  up,  and  then  the 
samples  were  dried  for  30  ain,  face  up,  in  the  spray  booth  dryer. 

3.2  Flame  Treatment 

The  samples  were  flame- treated  in  a  vacuum  hood  connected  to  a 

U.  S.  Air  Force  Turbo-super  Compressor  Collector  Unit  using  a  12  in.  by 

13  in*  Type  H-60  filter  paper  to  collect  the  contaminated  smoke.  The 

air  flow-rate  through  the  unit,  with  the  filter  paper  in  place,  was  100 

cfn  and  was  sufficient  to  draw  the  contoainstcd  aerosols  generated  in- 

(2) 

aide  the  vaeux®  hood  through  the  filter  paper  .  Three  methods  of 
flame  treating  were  used,. 

Method  X  -  The  suaples  were  treated  with  an  r  cetyleue  air- 
induced  burner  (Ho.  11,  Table  l).  The  burner  produced  a  2-in.  wide 
flame  which  was  oscillated  across  the  sample  at  a  linear  rate  of  k  or 
5  ft /sain. 

Method  T  -  Treated  wi-*h  a  4~ln.  ribbon  oxy -propane  burner  (no. 

10,  Tabic  l)  at  a  linear  rate  of  approximately  k  to  5  . ./ain. 
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Method  Z  -  Treated  with  a  propane  air-induced  torch  or  turner 
(So.  11,  Table  l).  This  torch  was  used  with  an  oscillating  motion  as 
in  Method  X.  The  samples  were  counted  (monitored)  on  a  laboratory 
type  scaler  with  a  12  in.  by  12  in.  gas  flow  proportional  probe.  A 
distance  of  1/2  in.  between  probe  window  and  sample  was  aairrtajjned  with 
suitable  spacers.  Each  sample,  standard,  and  background  were  counted 
three  .  xiaes.  Filter  papers  with  an  aluminum  sheet  octal  backing  were 
counted  in  the  same  manner.  A  blank  (uncontaminated)  sheet  of  filter 
paper  was  counted  for  background.  Air  sample 6  taken  at  the  exhaust 
of  the  turbo-compressor  during  each  burner  operation  showed  that  all 
of  the  contamination  was  being  collected  on  the  filter  paper. 

3.3  Test  Results 

The  results  of  the  airborne  hazard  tests  are  given  in  Table  12. 

The  table  shows  that  for  uniformity  and  ease  of  operation  the  dip 
method  of  contaminating  samples  (Method!)  )  was  far  superior  to  the 
spray  or  drop  methods.  The  spray  method  was  unsatisfactory  because 
the  deposit  of  large  droplets  of  contaminant  made  it  difficult  to  ob¬ 
tain  reproducible  results.  The  drop  method  produced  a  series  of  very 
"not"  8 pots  over  the  sample  area,  and  was  very  time  consuming.  The 
dip  method,  where  the  samples  were  contaminated  by  placing  them  face 
down  in  an  cpen  tray  because  it  produced  uniform  results,  grve  a  higher 
contamination  rate,  required  no  special  apparatus,  and  required  less 
radioactive  solution  than  the  other  methods .  Table  12  shows  that 
various  woods  retained  different  amounts  of  liquid  contaminant.  In 
decreasing  order,  the  contaminant  retention  of  the  woods  was  pine,  fir, 
oak,  and  teak,  with  pine  retaining  roughly  twice  as  much  of  the  contaminant 
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TABLE  12  Airborne  Hazard  Evaluation 


Ooctezinaat 

Sample  Procedure  Initial^  Filter  Paper  Re tailed  -a 

Size  Corrbsminft-  Flase?  Count \  a.  Count  Paper 

Saaple  Material  (in.)  tion  Treating  (c/n  z  10”®)  ( c/u  x  10”*)  ($) 


1 

Fir 

12x12x2  A 

X 

6.64 

2.19 

0.32 

2 

Teak 

A 

X 

5.60 

15.9 

2.84 

3 

Concrete 

B 

X 

45.6(b) 

3f.  ? 

i.87 

V 

Asphalt 

B 

X 

48.  Vb) 

292. 

6.03 

5 

Fir 

12x3-5/8  C 

xl-5/8 

Y 

2.35 

l.ll 

0.4X 

6 

Teak 

n 

V 

Y 

2.05 

2.93 

1.4a 

T 

Pine 

c 

Y 

3.28 

16.75 

5.1(c) 

8 

Oak 

c 

Y 

1.62 

1.13 

D.7C 

9 

Oak 

D 

Z 

0.77 

0.05 

0.0: 

10 

Fir 

D 

•7 

1.21 

0.7* 

0.61 

11 

Pine 

D 

z 

1.08 

0.C9 

0.08 

12 

Teak 

D 

T 

-a 

0.7k 

1.00 

1.35 

13 

Pine 

D 

re 

5.20 

2.23 

0.13 

14 

Fir 

D 

Z 

4.20 

S.I7 

0.76 

15 

Oak 

D 

Z 

3*34 

1.51 

0.45 

16 

Teak 

B 

z 

2.90 

4.42 

1.52 

17 

Teak 

D 

z 

2.15 

2.48 

1.1$ 

18 

Pine 

C 

z 

*.92 

C.53 

C.il 

19 

Fir 

0 

*7 

3.00 

0.82 

0.27 

20 

Oak 

D 

7 

4-f 

2.50 

0.14 

0.06 

(a)  All  counting  data  are  sve rased  froc 
the  background  count . 

three  values 

vfcj.ch 

included 

(b)  These 
units 

sasples  vere  only 
are  ndcro  axrps . 

neasureable 

on  the  rate 

netei . 

Their 

(c)  Fire 

inside  hood  causal 

additional  c 

rontaninat  ion 

l  to  be 

collected 

on  filter  paper. 
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as  did  teak. 

In  all  cases,  only  a  small  percentage  of  the  radioactive  con¬ 
taminant  from  the  sample  became  airborne  by  the  action  of  the  flames. 
Table  12  shows' that  the  maximum  caught  on  the  filter  papers  was  6.03 
per  cent  and  the  minimum  was  0.05  per  cent.  The  amount  of  contaminant 
removed  from  the  wood  samples  by  the  flame  decreased  from  teak  to  fir, 
pine,  and  oak.  In  several  eases  over  ten  times  more  contaminant  was 
removed  from  the  teak  than  from  the  pine  or  oak.  It  is  believed  that 
this  difference  in  removal  was  a  function  of  the  presence  of  volatile 
oils  or  resins  which  were  easily  driven  off  when  the  wood  was  heated 
(teak  is  an  "oily"  wood) .  Similarly  it  was  found  that  more  contami¬ 
nant  was  evidently  carried  off  with  the  volatilized  oils  and  smoke  from 
the  asphalt.  In  general,  it  appears  that  regardless  of  the  material, 
more  contaminant  will  be  carried  off  hy  "oily"  or  easily  volatilized 
surface  materials,  and  furthermore  the  volatility  of  the  surface  mat¬ 
erial  (which  acts  as  a  carrier),  and  not  the  radioactive  contaminant, 
is  the  determining  factor. 

These  tests  indicate  thet  the  magnitude  of  the  radiological 
airborne  hazard  is  not  as  great  as  was  anticipated.  However,  since 
airborne  material  was  detected  it  may  be  assumed  that  the  radiological 
airborne  hazard  will  increase  with  higher  specific  surface  activities. 

4.  The  Field  Model  Flaminator 

This  Flaminator  is  an  experimental  field  model  designed  for 
use  on  ’-rood,  asphalt  and  concrete  surfaces.  Its  design  was  based  on 
ties  experience  gained  from  the  laboratory  Flaminator  already  described. 
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The  field  model  employs  oxygen  -propane  "burners,  various  surface  removal 
tools  and  a  vacuum  pick-tip  unit  to  collect  dust  and  particulate  matter 
removed,  from  the  surface.  Standard  equiprent  vas  used  wherever  possible 
in  the  experimental  field  model  to  expedite  its  construction  and  to  re- 

i*, 

duce  the  cost  of  the  unit. 

*  { 

The  unit  vas  designed  for  the  use  of  four  types  of  surface 

-  % 

.  tg? 

removal  tools.  These  types  were  (l)  wire  "brush  for  wood  and  concrete, 

f 

(2)  Tennant  Revo-tool  for  wood  and  concrete,  (3)  sander  for  wood  and, 

(4)  scraper  for  asphalt  surfaces . 

4.1  Design  Details 

The  principal  components  of  the  field  model  Flaninator  art-  the 
chassis,  "burners,  surface  removal  tools  and  the  vacuum  pick-up 
assembly. 

4.1.1  Chassis 

A  Buda  Chore  Boy,  Model  FH,  (Fig.  9)  formed  the  chassis  for  the 
experimental  field  model  Flaainator .  This  vehicle  has  a  load  capacity 
of  2,000  lb  and  a  total  deck  area  of  20  sq  ft.  It  is  powered  "by  a  10-hp 
gasoline  engine  through  a  double-cone  clutch  which  permits  forward  and 
reverse  travel.  A  20  to  1  gear  reducer  and  a  So.  4  dry -type  Pullmore 

j 

clutch  were  mounted  on  the  vehicle  to  permit  two  speeds,  an  operating 
speed  of  10  to  24  ft/ni  a  and  a  maneuvering  speed  of  5  to  10  mph. 

4.1.2  Burners 

The  oxy-prepane  burners  {Fig.  1C)  were  made  by  reboring  standard  cocy- 
acetylene  descaling  nozzles  as  described  in  the  laboratory  F Lamina tor  sec¬ 
tion.  Five  such  nozzles  were  'used,  3  standard  6- in.  segments  and  2 
standard  4- in.  segments, to  produce  an  over-all  flame  width  of  28  in. 
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Standard  oxy-acetylene  mixers  and  fittings  were  used.  The  burners  vere 
mounted  on  individual  sleeve  bearings  on  a  common  shaft  vbich  permitted 
each  burner  t  >  pivot  when  it  was  used  on  irregular  surfaces.  A  stainless 
steel  hood  was  mounted  over  the  burners  to  confine  the  flame  and  heat  to 
the  surface  being  treated.  This  hood  was  also  pivoted  on  the  burner 
shaft  and  the  complete  unit  (burners  and  hood)  was  mounted  under  the 
chassis  as  shown  in  Pig.  11.  A  cable-controlled  cam  •■ra s  provided  to 
raise  the  burner  and  hood  unit  when  it  was  not  in  use. 

The  burners  were  ignited  with  a  remote  control  spark  igniter. 

Exhaust  fumes  from  the  burners  were  discharged  approximately  4  ft 
above  the  operator's  head  through  a  flexible  hose  and  rigid  tube. 

4. 1-3  Surface  Removal  Tools 

The  power  for  driving  the  four  types  of  surface  removal  tools  vas 
furnished  by  a  2 -cylinder  4-cycle  air-cooled,  Model  TF  Vise ooa in  engine 
which  is  rated  at  9*9  hp  at  l600  rpea  and  12.6  hp  at  2200  rpm.  The  engine 
was  mounted  on  the  chassis  and  the  surface  removal  tools  were  connected 
through  chain  linkage.  The  position  of  the  surface  removal  tools  relative 
to  that  of  the  burner  is  shovn  in  Pig.  12. 

(a)  Wire  Brush 

Three  different  wire  brushes  vere  used  on  the  experimental 
field  model  F  lamina  tor,  a  solid- fill  type,  a  knot  type  and  the  Tennant 
These  brushes  are  shovn  in  Fig.  13*  The  solid- fill  and  knot  tyre  brushes 
consisted  of  an  assembly  of  a  sufficient  number  of  standard  buffing 
brushes  on  a  1  i/2-in.  shaft  to  give  the  desired  Vidth  of  28  in.  A 
* 

Manufactured  by  G.  H.  Tennant  Co.,  for  use  on  their  floor  refinishing 
machines . 
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special  adapter  sleeve  on  this  shaft  vaa  required  for  the  Tennant  Brush 
which  was  only  15  ih.  vide. 

(h)  Revo  'Pools 

The  Revo-tools  are  manufactured  hy  the  G.  H.  Tennant  Company 
for  use  on  a  floor  resurfacing  machine.  They  are  8  in.  in  diameter  and 
15  in.  long.  The  cutting  wheels,  approximately  2  in.  in  diameter,  fit 
loosely  on  the  shafts  and  as  the  entire  assesfcly  rotates,  the  cuvters 
spin  arri  bounce  to  give  a  cutting  and  pounding  action.  These  Revo-tools 
are  made  with  three  types  of  cutters.  The  sharp  Mo.  1  cutter  is  designed 
for  cutting  either  concrete  or  wood.  The  blunt  Ho.  k  is  for  pulverizing 
work  and  the  intermediate  Ho.  9  Is  designed  for  general  all-round  work. 

The  Ho.  1  and  No.  k  cutters,  shown  in  Pig.  Ik,  were  tested  on  both  wood 
and  concrete  surfaces  prior  to  the  design  of  the  Flaainator.  It  was 
decided  to  use  the  Ho.  k  because  the  cutting  wheels  cn  the  Ho.  1  broke 
very  readily  on  concrete  surfaces.  The  Revo-tools  fit  on  the  same  sleeve 
shaft  zz  the  Tennant  wire  brush. 

(c)  Sanding  Drum 

* 

A  Tennant  sanding  drum  was  also  used  with  the  experimental 
field  model  Flejninator.  The  sanding  drum  was  intended  for  use  only  on  wood 
surfaces. 

(d)  Asphalt  Scraper 

An  asphalt  scraper  was  designed  for  use  on  flame  softened 
asphaltic.  This  scraper  attaches  to  the  rear  of  the  Flaainator  after  re¬ 
moval  of  the  "brush  shaft  and  drive  system. 

V 

Mar.ufac tured  by  G.  H.  Tennant  Cc.,  for  use  on  their  floor  refinishing 
machines . 
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4.1.4  Vacuum  Pick-up  Assembly 

The  American  Air  Filter,  Model  D,  Fotoclone  shown  in  Fig.  15  was 
used  as  the  vacuum  pick-up  unit.  This  unit  is  designed  to  collect  the 
waste  material  in  a  drawer  (Fig.  15a)  and  to  discharge  clean  air  through 
the  filter.  Because  the  standard  filter  for  this  unit  (Fig.  15b,  right) 
was  ineffective  in  removing  airborne  contaminant,  the  depth  of  the  filter 
compartment  was  modified  '£>  acconmodate  a  type  M-6  Chemical  Corpu  filter 
shown  at  the  left  of  Fig.  15*  The  electric  motor  waa  removed  from  the  air 
filter  unit  and  modifications  were  made  to  drive  the  inqpeller  at  5 >200  rpm 
by  a  V-belt  from  the  Wisconsin  Engine.  When  operating  at  this  speed  the 
air  filter  had  a  capacity  of  600  to  700  cfm  and  drew  from  7  to  8  in.  cf 
water j  however,  when  the  engine  was  loaded  by  the  surface  removal  tools, 
the  blower  speed  was  reduced  tc  approximately  3,800  rpm.  At  thi«  speed 
the  air  filter  had  a  capacity  of  5D0  to  600  cfm  and  drew  from  4  to  6  in. 
of  water .  The  blower  is  connected  to  the  hood  around  the  surface  removal 
tools  by  a  5  in.  flexible  metal  hose  as  shown  in  Fig.  16. 

4.1.5  Control  Instruments 

The  operation  of  the  experimental  field  model  Flaminator  was 
controlled  by  instruments  located  on  a  panel  near  the  operator  as  shown 
in  Fig.  17.  Levers  for  raising  and  lowering  the  burners  and  the  surface 
removal  tools  were  conveniently  Lo c the  right  of  the  operator's 
seat.  The  control  panel  contained  the  following  instruments:  oxygen  and 
propane  pressure  gauges,  flowmeter  for  registering  total  flow  of  propane, 
solenoid  valve  switches  for  oxygen  and  propane,  a  spark  igniter  switch, 
pyrometers ,  Flaminator-  speed  indicator,  and  such  auxiliary  engine 
instruments  as  tachometer,  ammeters  and  starter  switch. 
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Fig.  16  Completed  Flaminatcr  -  Control  Panel  and 
Prmane  Tank  to  Right  of  Operator,  Oxygen  Cylinders 
are  Mounted  on  Each  Side  and  the  Vacuum  Unit  Behind 

the  Operator 


Fig.  17  Flaminatcr  in  Use  on  Aircraf*  Flight  Deck 
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The  oxygen  and  propane  lines  are  connected  to  a  aaaifold  at  the 
rear  of  the  Flaminator  (Fig,  IT).  Indlvidixa  control  valves  are  pro¬ 
vided  for  regulating  the  gas  flow  to  each  of  the  burners .  After  adjusting 
the  flow  of  oxygen  and  propane  to  the  individual,  burners  the  operator 
turn  the  burners  on  and  off  with  the  solenoid  switches  at  the  control 
panel. 


Approved  by* 

ft 

E.  R.  TOMPEEBS,  Head 
Chemical  Technology  Division 
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